Most intraocular tumours are reliably
Introduction
The diagnosis of primary cancer in nearly all sites of the body is routinely made by cytological or histopathological examination. Cancer of the central nervous system including the eye is a notable exception; in Sweden 495% of cancer in all sites except tumours of the brain and eye has morphological confirmation. In contrast, less than half of primary intraocular cancer has morphological confirmation (typically after enucleation of the eye). 1 This is because intraocular cancer (in the Western world largely comprising uveal melanoma and metastases to the choroid) is often reliably diagnosed by clinical examination and a range of non-invasive techniques and because of concern for ocular complications or extraocular seeding of tumour cells following tumour sampling. [2] [3] [4] However, in a subset of patients harbouring a clinically amelanotic tumour without a history of metastatic extraocular cancer, a clinical diagnosis can be extremely challenging.
Intraocular biopsies are made for diagnostic, confirmatory (when the physician or the patient wishes to have a highly likely clinical diagnosis validated by cytological or histopathological examination), investigational or prognostic purposes. 5 We have previously reported on a surgical technique used for clinically indeterminate intraocular lesions in adults to diagnose primary or secondary malignant disease. 6 Although this technique is currently used only for a small subset of indeterminate lesions, numbers now allow for assessment of the diagnostic accuracy. Herein, we present the sensitivity and specificity to detect malignant disease using this incisional, transretinal, choroidal biopsy for clinically indeterminate tumours.
Materials and methods
A total of 46 patients had choroidal incisional biopsies for diagnostic purposes during a 10.5-year period. Two of these patients had the procedure undertaken because the patient insisted on histopathological confirmation before therapy was initiated. As both of these patients had characteristic lesions, which were felt to be reliably diagnosed clinically, they were classified as confirmatory and excluded. One more patient did not have a final diagnosis and was also excluded from the study.
A standard 23-G/20 G three-port pars plana vitrectomy was performed using the Alcon Accurus and Constellation vitrectomy systems (Alcon, Fort Worth, TX, USA). Endoillumination was provided by a 25-G chandelier light to allow bimanual tumour tissue removal. An initial core vitrectomy was performed to gain access to the tumour and, if not present preoperatively, a posterior vitreous detachment was induced with the vitreous cutter followed by complete removal of the posterior hyaloid. The biopsy site was carefully chosen usually at the location of maximum tumour thickness in the posterior fundus and, if possible, peripheral to the temporal vascular arcades. When a serous detachment was present, a tumour site including attached retina was preferred. Also, tumour areas containing haemorrhage or fibrosis were avoided. To minimise bleeding, diathermy was applied to the retina overlying the biopsy site followed by a retinal incision of B1 Â 1 mm using a 20-G diamond knife. The retinal tissue overlying the tumour was excised using a vitreous cutter. To minimise tumour bleeding, the intraocular pressure was temporarily raised after which the tumour was incised with a diamond knife. The tumour sample (B1 mm 3 ) was grasped with an intraocular end-gripping forceps and the sample base cut with the diamond knife. The specimen was then carefully removed through the sclerotomy during which infusion was stopped. After removal of the sample, the fluid infusion was re-administered and endolaser photocoagulation was applied around the biopsy site. A complete fluid-air exchange was made and the sclerotomies were sealed with absorbable sutures. Finally, intraocular air was substituted with 20% sulphur hexafluoride. In cases with prominent serous detachment, subretinal fluid was drained through the retinotomy and 5000 cs silicone oil was used as intraocular tamponade.
Specimens measured were routinely fixed in 4% formaldehyde for B24 h and paraffin-embedded. Briefly, sections were then cut at 4 mm and stained with a panel of monoclonal antibodies routinely including Melan A, (1 : 50; Dako, Glostrup, Denmark), HMB-45 (1 : 150; Dako), S-100 protein (1 : 2000; Dako), CD 68 (1 : 100; Dako), and AE 1/3 (1 : 100 Bio-Genex, Fremont, CA, USA) adhering to a standard immunohistochemistry protocol. Further, immunostains were added as deemed appropriate in the individual case.
Results
The included 23 men and 20 women had a median age of 65 years (range: 31-91 years). All tumours were located in the choroid posterior to the equator. The median tumour thickness was 4 mm (range: 2-12 mm). A preoperative retinal detachment was present in 15/43 (35%) patients; 3 of these patients also had an associated vitreous haemorrhage. The median period of follow-up after biopsy was 27 months (range: 1-128 months). Two patients had repeat incisional biopsies performed, and two more patients had a previous failed biopsy using a 25-G vitrectomy system with biopsies provided using the vitreous cutter. Adequate tissue for diagnosis was obtained in 41/43 (95%) patients. The sensitivity and specificity to detect malignant disease were 0.97 and 1.00, respectively. The positive predictive value was 1.00. There were no false-positive biopsies, but one patient with a solitary choroidal metastasis had insufficient material for diagnosis. The patient was later diagnosed with primary adenocarcinoma of the lung and eventually died with disseminated disease. Post-mortem histopathological examination of the eye confirmed the presence of an adenocarcinoma metastatic to the choroid.
In total, 24/43 (56%) patients were diagnosed with a uveal melanoma. Enucleation was performed in 15 of these patients and 9 patients had ruthenium brachytherapy. Histopathological examination of the enucleated eyes confirmed the biopsy diagnosis of uveal melanoma (Figure 1 ). The 7/43 (16%) patients with metastatic disease had primary tumours of the breast, lung, prostate, and spinal cord (Figures 2 and 3 ). One more patient had a large choroidal plasmocytoma. Subsequent clinical work-up detected a testicular plasmocytoma. Notably, there was no bone marrow involvement indicative of myeloma.
Retinal detachment progressed in 5/15 (33%) patients with a pre-operative retinal detachment. Four of these patients were managed by silicon oil tamponade. No patient with pre-operatively attached retina developed retinal detachment. Six patients had a transient rise in intraocular pressure to 440 mm Hg; four of these patients had a pre-existing retinal detachment. The association of complications with a pre-existing retinal detachment was statistically significantly (P ¼ 0.014; w 2 test). Extraocular tumour spread at the sclerotomy site was not clinically evident in any patient during the period of follow-up. Similarly, eyes enucleated after biopsy failed to show any tumour cells at the sclerotomy sites by histopathological examination.
Discussion
The much improved non-invasive diagnosis of choroidal tumours now renders morphological confirmation Eye infrequent. For a number of reasons, there is a paucity of data on diagnostic accuracy in biopsies of indeterminate choroidal tumours. First, many biopsies reported as diagnostic are actually conformational as a clinical diagnosis highly likely to be correct was made before biopsy. In such series, the diagnostic sensitivity and specificity are, not surprisingly, likely to be high. Second, most series of diagnostic choroidal biopsies are based on fine-needle aspirates, but typically these are performed using a variety of transscleral, transretinal (transvitreal), or transcorneal routes to access the tumour. Third, only a few previous series are sufficiently large to include calculations of sensitivity, specificity, and the positive predictive value. Recently, Faulkner-Jones et al 7 reported a sensitivity and specificity of 0.96 and 0.83, respectively, for detecting malignancy when using fine-needle aspiration biopsies for sampling. The positive predictive value was 0.96. Most of these biopsies (27/33; 82%) were in fact confirmatory, and a variety of routes were used to access the choroid. It appears that our data compare favourably in terms of diagnostic accuracy. Other techniques may yield larger samples than fine-needle aspiration biopsies and have been reported by Bechrakis et al 8 using a 20-G vitreous cutter and later by Sen et al 9 using a 25-G vitrectomy system. The basic difference between these techniques and ours is that they relied on a vitreous cutter to provide multiple, smaller, pieces of tumour tissue, but we used an incisional approach to secure a single (although sometimes actually multiple) tissue block(s) of some 1 mm 3 . Previous results from sampling by a vitreous cutter indicate a high yield in that only 1/23 and 1/14 cases were inadequate for diagnosis. 8, 9 Similarly, our own results show that inadequate sampling only occurred in 2/43 cases. Importantly, we had no problem sampling thin tumours of 2 mm or less in thickness using the incisional approach. Notably, these are among the most difficult tumours to sample adequately using a vitreous cutter or fine-needle aspiration biopsy. 4 Sensitivity, specificity, and positive predictive calculations were not provided in earlier series using the vitreous cutter approach. This makes comparison with our series difficult.
It is conceivable that a larger sample size may be associated with more complications. Indeed, when including all samples, complications appear to have been more frequent with our technique, but the number could be minimised when excluding patients with a preexisting retinal detachment. Moreover, any complications occurring in our series were manageable by standard vitreoretinal techniques. Intraocular or extraocular tumour spread is an infrequent event after fine-needle aspiration biopsies. Although, our sample size was significantly larger, none of the patients in our series had an extraocular tumour recurrence. In conclusion, our results suggest that incisional transretinal biopsies for indeterminate choroidal tumours are safe and accurate. Complications are infrequent when patients with a pre-existing retinal detachment are excluded.
